Apical senescence but not flower initiation is delayed by short days (SD) compared to long days (LD) in pea plants (Pisum sativum L.) of genotype E Sn Hr. We recently reported that delay of senescence correlated with slower reproductive development, suggesting that fruits are weaker sinks for assimilates under delayed senescence conditions. Thus, we have examined assimilate partitioning in peas to determine if genotype and photoperiod regulate relative sink strength. Assimilate diversion by developing fruit has been implicated in senescence induction. A greater percentage of leaf-exported 14C was transported to fruits and a smaller percentage to the apical bud of G2 peas (genotype E S.4 Hr) in LD than in SD. Relatively more of the 14C delivered to the apical bud of G2 peas was transported to flower buds than to young leaves in LD as compared to SD. 
Monocarpic plants senesce after a short reproductive phase. Senescence can be delayed if the vegetative phase is extended by manipulation of the photoperiod or if the developing reproductive structures are continually removed (19) . The latter observation led to the assignment to the reproductive structures of a central, causal role in senescence (25) . Historically , it has been hypothesized that the reproductive structures induce senescence either by depleting the resources of the rest of the plant due to their strong sink strength (16) , or by exporting a senescence hormone (13) .
The G2 line (genotype E Sn Hr) of peas has been considered to be evidence antithetical to the nutrient drain hypothesis (6, 14) . In lines with the E Sn allele combination, plants initiate flowers at the same node regardless of the photoperiod, but apical senescence is delayed in SD2 compared to LD (17) . The Hr allele magnifies the effects of these alleles, and G2 peas do not senesce in SD (9 h photoperiod) under our growing conditions. Thus, in this line, senescence does not occur in SD despite fruit production and the accompanying nutrient drain to the fruits, which may be as great under nonsenescing as under senescing conditions (6) . However, we recently demonstrated that the rate of reproductive development, as well as senescence, is regulated ' Supported by the United States Department of Agriculture competitive grant No. 78-59-2361-0-1-083-1. 2 Abbreviations: SD, short days; LD, long day.
by the interaction of these genes and photoperiod (11) . The rate of reproductive development, compared to the rate of node production, is slower in SD than in LD. Thus, the nutrient drain by fruits from each leaf may be less in SD than in LD. This led us to hypothesize that the delay of senescence in SD is due to reduced demand of the (20) . Leaves mentioned below are in reference to their location, in number of nodes, from the apical bud.
Whole Plant Partitioning. Over the 5 to 6 h transport period, greater percentages of the labeled assimilates were exported from the leaves to the shoots of the G2 pea plants grown in LD than in SD (36.6 ± 7.6% versus 13.6 + 1.5%, respectively, for the sixth leaf from the apical bud).
In all cases except for G2 pea plants grown in SD, greater percentages of the 14C exported from the treated leaf were transported to the axillary fruit as the distance between the treated leaf and the apical bud increased, and, therefore, as the age and size of the reproductive structure increased (Fig. 1) . For G2 plants grown in SD, the percentage of 14C exported from the third to sixth leaves which was transported to the reproductive structure in the axil of the treated leaf was not significantly affected by node position or age of the reproductive structure (Fig.   1 ).
The percentage of the total 14C exported from leaves four to six which was transported to the axillary fruit of line G2 was greater in LD than in SD (Fig. 1) . The cumulative transport to all reproductive structures on the same side of the plant as the treated leaf was two to four times greater in LD than in SD (Table I ). For line 13 plants, similar percentages of the 14C exported from leaves three and four were transported to the axillary fruit in both photoperiods. Less of the 14C exported from the fifth leaf was transported to the axillary fruit in SD than in LD, but this difference was less than the differences between SD and LD detected in line G2 pea (17 versus 35%) (Fig. 1 ). There were no significant differences in the cumulative transport to all fruits on the same side of the plant as the treated leaf of line 13 whether they were grown in SD or LD (Table II) .
In all cases, the greatest percentage of the 14C exported was transported to the apical bud when the fourth leaf was treated. This is consistent with the vasculature of pea plants, as the most mature new leaf within the apical bud has direct vascular connections with the fourth and sixth, but not third or fifth, leaves (20) . The third leaf exported primarily to the first leaf (data not shown) while the second leaf had not yet fully developed export capacity (2) .
A greater percentage of the total 14C exported from leaves three to six was transported to the apical bud of line G2 grown in SD than in LD whether measured on a per bud or per weight basis (Figs. 2B and 3 ). The percentages of 14C exported from leaves three to five which were transported to the apical bud of line I3 plants were similar in SD and LD, and similar to line G2 in LD ( Fig. 2A) . In G2 peas, the fresh weight of the apical buds was similar in SD and LD at this stage of reproductive development, but the weight of the reproductive structure was less in SD than in LD (These ratios would be the same whether derived from dpm values or from the percent of the total amount of 14 C exported from the treated leaf.) Nine times more '4C was transported to the flower buds relative to the young leaves of G2 pea plants grown in LD than in SD (Table III) . The distribution of 14C between the flower buds and young leaves within the apical bud of line I2 was not significantly different between SD and LD, although the mean was greater in LD (Table III) . These ratios were similar between line I2 and line G2 grown in LD. DISCUSSION Partitioning and Relative Sink Strength in Peas. Sink strength has been defined as the capacity of a sink to take up assimilates (26) . The method of measurement of sink strength used in this study determines the distribution of assimilates exported from a single leaf (assuming that 3-4 h into the photoperiod distribution between sinks has reached a steady state). These data can be interpreted in terms of relative sink strength but provide no information on the actual amount of carbohydrate taken up by the sinks. However, measurements of net photosynthetic rate of G2 peas revealed no striking photoperiodic difference (10) . Photosynthetic period also had little effect on the photosynthetic rate of soybean leaves (3) . Export of assimilated 14C (during the light period) was less in SD than in LD in G2 peas. This has also been demonstrated to be an effect of shortened photosynthetic period for soybean (3) . The stored carbohydrate is apparently exported during the long dark period (3, 8) . Similar photosynthetic rates and reduced leaf export in SD compared to LD indicate that fewer total assimilates are exported from the leaves of G2 peas in SD during the time period of this study. Thus, since -photosynthetic period appears not to affect the rate of respiration (8) , a higher percentage of the assimilates exported may be lost through respiration from plants in SD than in LD. A greater net loss in SD than LD should not affect the relative distribution, but disproportionate losses from the different sinks would represent a source of error. The slow rate of growth of fruit of G2 peas in SD (11) may be accompanied by a slow rate of respiration; this would underestimate the differences we have detected in this genetic line.
Empirical measurements of sink strength in a competitive situation are dependent on a number of factors, not all of which are sink properties. Other influencing factors, such as age, number of sinks, and growing conditions were controlled in this study to validate comparisons of relative sink strength between plants within a treatment. To determine true photoperiodic differences in the G2 line, the variable of photosynthetic period was controlled by determining its effects on partitioning in photoperiodically insensitive lines. This control was used as night breaks of light are ineffective in changing the photoperiodic response of G2 peas (21) .
Developing fruits of line G2 grown in LD and of line 13 grown in both photoperiods were strong sinks for assimilate from their subtended leaves since they received a large proportion of the exported carbon, as has been noted previously for peas (20) .
Fruit sink strength increased with fruit maturity, which is expected since fruit weight increased with age and maturity. Fruits were stronger sinks for assimilates from their subtending leaves than was the apical bud. In contrast, young fruits of G2 peas grown in SD had nearly equal sink strength for assimilates from their subtending leaves as did the apical bud. Young fruits of plants of line G2 in SD cannot be considered to be strong sinks for leaf-exported assimilates as they did not receive a large proportion of these assimilates.
Young leaves within the apical bud were stronger sinks for assimilates from the fourth leaf than were the flower buds in all genetic lines and photoperiods. The relative sink strength of these structures were similar in G2 peas grown in LD and in line 12 regardless of the photoperiod, although the flower buds of line 12 grown in LD may have been slightly stronger sinks than they were in SD. The flower buds of G2 peas grown in SD had much weaker sink strength relative to the young leaves than they did in LD.
Failure to detect a striking photoperiodic difference in the relative strength of the reproductive and vegetative sinks of line 13, which is photoperiodically insensitive, suggests that partitioning patterns are not markedly altered in peas in response to photosynthetic period. This is consistent with our finding that the rates of growth of these sinks are affected to the same degree by changes in the length of the photosynthetic period (11) . The similar partitioning of exported assimilates is also in complete agreement with the results of Hole and Scott (9), who found that dry matter partitioning in peas was independent of the total assimilates in the plant (although total assimilates may influence vigor and size of plant parts and, therefore, sink strength indirectly). On the other hand, there was a trend for increased partitioning to reproductive sinks relative to vegetative sinks in LD compared to SD in both lines 12 and I3. Because of the weak expression of the Sn allele in line 12, it is likely that any effects of the Sn allele on partitioning would not be detectable in this line, and cannot be identified from these data. However, the differences observed in partitioning between vegetative and reproductive sinks of G2 peas grown in SD and LD may be truly photoperiodic and attributable to the Sn allele in the presence of the magnifying effect of Hr, since the Sn allele confers photoperiodic sensitivity to peas (17) and since these large differences were not detected in lines 12 and 13. We conclude, therefore, that the relative strength of the reproductive and vegetative sinks of pea plants are regulated by photoperiod and gentoype. The Sn Hr allele combination and SD may decrease the strength of the reproductive sinks relative to the strength of the vegetative sinks.
As fewer total assimilates were exported from the leaves in SD than in LD during the light period, it seems likely that the fruits of G2 peas grown in SD received fewer total assimilates as well as a lower percentage of the exported assimilates than did the fruits in LD. Whether the apical bud received more total assimilates as well as a higher percentage in SD than in LD is not as easily ascertained. However, our data indicate that of the 
